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Abstract
Introduction Several analyses of hernia registries have
demonstrated that patients older than 65 years have sig-
nificantly higher perioperative complication rates com-
pared with patients up to the age of 65. To date, no special
analyses of endoscopic/laparoscopic inguinal hernia sur-
gery or of the relevant additional influence factors have
been carried out. Besides, there is no definition to deter-
mine whether 65 years should really be considered to be
the age limit.
Methods In the Herniamed Hernia Registry, it was pos-
sible to identify 24,571 patients with a primary inguinal
hernia and aged at least 16 years who had been operated on
between September 1, 2009, and April 15, 2013, using
either the TAPP technique (n = 17,214) or TEP technique
(n = 7,357). Patients in the age group up to and including
65 years (B65 years) were compared with those older than
65 years ([65 years) in terms of their perioperative out-
come. That was done first using unadjusted analysis and
then multivariable analysis.
Results Unadjusted analysis revealed significantly dif-
ferent results for the intraoperative (1.19 vs 1.60 %;
p = 0,010), postoperative surgical (2.72 vs 4.59 %;
p\ 0.001) and postoperative general complications (0.85
vs 1.98 %; p\ 0.001) as well as for complication-related
reoperations (1.07 vs 1.37 %; p = 0,044), which were
more favorable in the B65 years age group. However, in
multivariable analysis, it was not possible to confirm that
for the intraoperative complications or the reoperations.
Reoperations were needed more often for bilateral proce-
dures (p\ 0.001; OR 2.154 [1.699; 2.730]), higher ASA
classification (IV vs I: p = 0.004; OR 6.001 [1.786;
20.167]), larger hernia defect and scrotal hernias. The
impact of these factors, in addition to that of age
[65 years, was also reflected in the postoperative com-
plication rates. The age limit for increased onset of peri-
operative complication rates tends to be more than 80
rather than 65 years.
Conclusion The higher perioperative complication rate
associated with endoscopic/laparoscopic inguinal hernia
surgery in patients older than 65 years is of multifactorial
genesis and is observed in particular as from the age of
80 years.
Keywords Inguinal hernia  TAPP  TEP 
Complications  Age  Reoperation
The demographics of western society are undergoing a
significant change, with an increasingly elderly population.
Inguinal hernia repair remains the most frequent surgical
intervention in the west, and the impact of changing patient
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demographics means an increasing number of elderly pa-
tients require elective surgical repair. Incidence is also
higher in the elderly, as loss of tissue strength leads to
increased herniation [1–3].
On the basis of the 2006 National Hospital Discharge
Survey, patients aged 65 and older accounted for 35 % of all
procedures [4]. A nationwide prevalence study showed that
the age distribution of inguinal hernia repair is bimodal
peaking at early childhood and old age (75–80 years) [5].
The cumulative incidence of inguinal hernia in the USA
varies according to the patients’ age: 25- to 39-year-old pa-
tients show an incidence of 7.3, 14.8 % at the age of
40–59 years and 22.8 % at the age ofmore than 60 years [6].
The main goals of elective hernia surgery are symp-
tomatic improvement and prevention of acute surgical
emergencies such as incarceration or strangulation. Emer-
gency repair is known to carry significantly higher rates of
morbidity and mortality, especially among the elderly [7,
8]. However, there remains a lack of clarity about the ap-
propriateness of intervention in elderly patients with co-
morbidity in whom symptoms may be minimal and elective
repair carries risk [9]. Although a period of watchful
waiting has been advocated by some authors for young fit
patients, for older patients with comorbidity early elective
repair has been advocated [10, 11].
Outcome studies demonstrate that morbidity and mor-
tality are increased following surgery in the elderly as
compared with the younger population [12].
In the Swedish Hernia Registry, there was a significant
and substantial increase in risk of a postoperative compli-
cation with laparoscopic and open preperitoneal procedures
in older patient (age[ 65 years) [13]. In the Danish Hernia
Registry, complications after groin hernia repair were more
frequent in patient[65 years (4.5 %), compared with
younger patients (2.7 %) (p = 0.001) [14].
In the National Surgical Quality Improvement Program
(NSQIP) of the American College of Surgeons, the risk of
onset of perioperative complications in patients[65 years
is expressed with a significant higher odds ratio of 1.418
[1.206–1.666] [15].
Cardiac events occur in 1–5 % of patients undergoing
non-cardiac surgery and pulmonary complications in
2.1–10.2 % of elderly patients [4].
The use of a low-pressure pneumoperitoneum and of
alternative gases to the CO2 pneumoperitoneum is under
discussion in order to reduce the cardiopulmonary com-
plications associated with laparoscopic/endoscopic surgery
[16, 17]. Other authors exclude older patients with im-
portant comorbidities such as severe chronic obstructive
pulmonary disease (COPD) from laparoscopic/endoscopic
surgical procedures [18].
In the prospective randomized Veterans Affairs Coop-
erative Study, it was not possible to identify any link
between the patient’s age and onset of short-term compli-
cations following laparoscopic/endoscopic inguinal hernia
surgery (n = 989 patients) [19]. In a retrospective com-
parative study with 185 patients, no difference was dis-
cerned in the perioperative complication rates between
patients[65 and B65 years [18].
In retrospective comparative studies with 104 and 81
patients, no significant difference was seen in the periop-
erative outcome of patients aged C80 years between open
and laparoscopic/endoscopic inguinal hernia repair [20, 21].
In an effort to minimize elective operative morbidity
and enhance postoperative recovery, laparoscopic repair
has been suggested as an appropriate technique to inguinal
hernia repair [8, 22, 23].
Existing guidelines do not make any age-specific rec-
ommendations on optimal surgical approach in inguinal
hernia surgery. There remains a lack of clarity about the
safety of laparoscopic repair in an aging population [20, 21].
This study therefore aimed to clarify the impact of age
on postoperative outcome after endoscopic repair of pri-
mary inguinal hernia, as well as attempting to identify
other influence factors that impacted the perioperative
outcome and a cutoff age at which laparoscopic repair
should no longer be advocated.
Patients and methods
Herniamed is a multicenter, internet-based hernia registry
[24] in which 358 participating clinics and surgeons in
private practice from Germany, Austria and Switzerland
(Status: April 15, 2013) have prospectively registered their
patients who had undergone hernia operations [14]. This
present analysis now examines the prospective data of all
patients who had undergone laparoscopic/endoscopic in-
guinal hernia repair in transabdominal preperitoneal patch
plasty (TAPP) or total extraperitoneal patch plasty (TEP)
between September 1, 2009, and April 15, 2013. The in-
clusion criteria were a minimum age of 16 years, primary
inguinal hernia and uni- or bilateral operation. In total,
24,571 patients were enrolled (Table 1). These comprised
17,214 patients aged B65 years (70.1 %) and 7357 patients
aged[65 years (29.9 %) (Table 1).
The groups were formed by dichotomizing the con-
tinuous variable ‘age’ into ‘B65 years’ and ‘[65 years.’ In
addition, the relationship of age to the categories of vari-
ables of interest is presented and discussed.
Table 1 Classification of pa-
tients into age groups
Age n %
B65 years 17,214 70.06
[65 years 7357 29.94
Overall 24,571 100.00
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The demographic and surgery-related parameters in-
cluded sex (m/f), ASA classification (I–IV), risk factors,
previous operations and hernia defect sizes based on EHS
classification (grade I–III), proportion of scrotal hernias,
type of anesthesia, elective or emergency and inpatient vs
outpatient treatment. The outcome variables defined were
the intra- and postoperative as well as general complication
rates, reoperation rate, duration of operation and length of
hospital stay. Categorical data are presented as absolute
and relative frequencies; continuous variables are dis-
played as mean, median, standard deviation, quantiles and
ranges. In the case of skewed distributions as seen for
durations, data were log-transformed. For the bilateral pa-
tient group, data on the variables given for both sides op-
erated on were aggregated. For inguinal hernia defects of
different sizes, the side with the larger defect is given.
Classification as scrotal hernia was based on the presence
of at least one scrotal hernia for bilateral inguinal hernia.
Intra- and postoperative complications were recorded if a
complication presented on at least one side. The same
method was used to present details of any reoperation.
All analyses were performed with the software SAS 9.2
(SAS Institute Inc. Cary, NY, USA) and deliberately re-
viewed to the full level of significance. Each p value B0.05
thus represents a statistically significant result.
After investigating dependency of outcome variables
(intra- and postoperative as well as general complications,
reoperation rate, duration of operation and length of post-
operative hospital stay) on individual factors (age and other
characteristics of patients as well as operation) in unad-
justed, univariable analyses (Chi-square test, t test), mul-
tivariable models (continuously scaled outcome: general
linear models, binary-scaled outcome: generalized linear
models with logit link function) were applied, thus making
it possible to analyze the influence of age adjusted by other
possible influencing variables. The parameters of models
and their corresponding 95 % confidence intervals are re-
ported as results—odds ratios in case of logistic regression
and beta estimates in case of general linear models.
The validity of the logistic models was investigated by
means of LOESS regression allowing visualization of the
relationship between influencing variable and outcome.
Only if a monotone increasing or decreasing relationship is
seen is the model valid.
Results
Unadjusted results
Unadjusted analyses of the influence exerted by patient
classification into age groups on patient characteristic
variables (Table 2) showed that the patients in the two age
groups differed significantly from each other with regard to
the majority of the variables analyzed. For example, the
proportion of women in the age group over 65 years was
significantly greater (p\ 0.001). Likewise, in that age
group, there were significantly more higher ASA classifi-
cations, larger hernia defects and more emergency op-
erations (in each case p\ 0.001). However, it must be
borne in mind that due to the large number of cases even
small, possibly clinically irrelevant, differences are iden-
tified as being significant.
A pronounced significant difference was found in the
risk factors as well as in the rate of previous operations
(Table 3). In the age group up to and including 65 years,
21.74 % of patients had at least one risk factor, whereas in
the age group older than 65 years that applied for almost
Table 2 Demographic data
B65 years [65 years p
n % n %
Sex
Male 15,481 89.93 6351 86.33 \0.001
Female 1733 10.07 1006 13.67
ASA score
I 7578 44.02 797 10.83 \0.001
II 8659 50.30 4523 61.48
III 968 5.62 1997 27.14
IV 9 0.05 40 0.54
Defect size (EHS)
I (\1.5 cm) 3300 19.17 711 9.66 \0.001
II (1.5–3 cm) 10,883 63.22 4396 59.75
III ([3 cm) 3031 17.61 2250 30.58
Scrotal hernia (EHS)
No 16,851 97.89 7110 96.64 \0.001
Yes 363 2.11 247 3.36
Anesthesia
Local 14 0.08 6 0.08 1.000
Spinal 34 0.20 14 0.19
General 17,166 99.72 7337 99.73
Inpatient/outpatient
Outpatient 1020 5.93 194 2.64 \0.001
Inpatient 16,194 94.07 7163 97.36
Degree of urgency
Elective 17,061 99.11 7213 98.04 \0.001
Emergency 153 0.89 144 1.96
Operation technique
TEP 6636 38.55 2759 37.50 0.122
TAPP 10578 61.45 4598 62.50
Unilateral/bilateral
Unilateral 12,276 71.31 5311 72.19 0.165
Bilateral 4938 28.69 2046 27.81
298 Surg Endosc (2016) 30:296–306
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one-third of patients (p\ 0.001). Analysis of individual
risk factors revealed that, apart from nicotine abuse, all risk
factors were represented more commonly in the higher age
group. As expected, that was also the case for the rate of
previous operations. At 36.66 %, the rate of previous op-
erations was significantly lower in the younger age group
compared with the[65 year olds, where more than one out
of every two patients had had at least one previous op-
eration (p\ 0.001).
The unadjusted tests of the influence of age groups on
the outcome parameters (Tables 4, 5) showed a significant
difference in all perioperative complication rates, reop-
eration rate as well as in the duration of operation and the
length of postoperative hospital stay.
While the median length of hospital stay (Table 4) in
both age groups was 2 days, a significant difference of
0.2 days was identified for the mean value, which was
more favorable in the younger age category (p\ 0.001).
The significant difference in the duration of operation,
which was on average 1.2 min, was accordingly small.
Overall, there were 0.41 % more intraoperative compli-
cations in the[65 years age group (p = 0.010), which was
largely due a higher rate of intestinal injuries and bleed-
ing (Table 5). The difference in postoperative complications
at 2.72 versus 4.59 % was even more pronounced to the
disadvantage of the[65 years age group (p\ 0.001). That
was imputable in particular to the higher rate of secondary
bleeding and of seromas. There was also a difference of
0.3 % in the reoperation rate, again to the disadvantage of the
[65 years age group (p = 0.044). Therewere twice asmany
general complications in the[65 years age group (0.85 vs
1.98 %, p\ 0.001). The main complications seen were
coronary heart disease, myocardial infarction, renal and
cardiac failure, pleural effusion and pneumonia, and these
occurred more often in the[65 years age group.
Multivariable results
Because of the differences in the patient characteristics
between the two groups, and in particular due to the po-
tential influence exerted by these variables on the outcome
variables, unadjusted analysis of the complication rates
with respect to age groups can lead to distortions. The
results were verified using multivariable models.
Model fit of intraoperative complications, which reflects
the suitability of the influence parameters for explaining
the values of the outcome variables, was not significant
(p = 0.199). Therefore, it was not possible to find any
evidence that individual variables had a significant influ-
ence on onset of intraoperative complications.
Table 3 Risk factors
B65 years [65 years p
n % n %
Risk factors
Overall
No 13,471 78.26 4970 67.55 \0.001
Yes 3743 21.74 2387 32.45
Aortic aneurysm
No 17,196 99.90 7313 99.40 \0.001
Yes 18 0.10 44 0.60
Antiplatelet medication
No 16,732 97.20 6402 87.02
Yes 482 2.80 955 12.98 \0.001
COPD
No 16,524 95.99 6784 92.21
Yes 690 4.01 573 7.79 \0.001
Corticoids
No 17,104 99.36 7270 98.82
Yes 110 0.64 87 1.18 \0.001
Diabetes
No 16,752 97.32 6821 92.71
Yes 462 2.68 536 7.29 \0.001
Coagulopathy
No 17,098 99.33 7207 97.96
Yes 116 0.67 150 2.04 \0.001
Immunosuppression
No 17,135 99.54 7303 99.27
Yes 79 0.46 54 0.73 0.010
Anticoagulation therapy
No 17,140 99.57 7077 96.19
Yes 74 0.43 280 3.81 \0.001
Smoking
No 14,836 86.19 6988 94.98
Yes 2378 13.81 369 5.02 \0.001
Table 4 Unadjusted analysis of duration of operation and postoperative hospital stay
B65 years [65 years p
Mean-STD Mean Mean ? STD Mean-STD MW Mean ? STD
Duration of operation [min] 33.1 51.0 78.6 33.6 52.2 81.2 \0.001
Post-op. hospital stay [days] 1.0 1.6 2.6 1.1 1.8 3.1 \0.001
Surg Endosc (2016) 30:296–306 299
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The results of analysis of the postoperative complications
are illustrated in Table 6 (model fit: p\ 0.001). The post-
operative complication rate is impacted primarily by an ad-
vanced hernia disease and the general condition of the
patient. Scrotal EHS classification also resulted in an in-
creased complication risk (OR 2.738 [2.078; 3.609]). Like-
wise, a larger hernia defect significantly increased the
postoperative complication risk (p\ 0,001; II vs I:OR1.677
[1.285; 2.187]; III vs I: OR 2.471 [1.855; 3.292]). Equally,
the overall complication risk was significantly increased by
the use of transabdominal preperitoneal patch plasty (TAPP)
(OR 2.461 [2.066; 2.931]). With regard to the postoperative
complications, as demonstrated by unadjusted analysis, a
significantly lower complication risk was identified in the
Table 5 Unadjusted analysis of perioperative complications and
reoperations
B65 years [65 years p
n % n %
Intraoperative complications
Overall
Yes 205 1.19 118 1.60
No 17,009 98.81 7239 98.40 0.010
Bleeding
Yes 138 0.80 75 1.02
No 17,076 99.20 7282 98.98 0.098
Injuries
Overall
Yes 116 0.67 65 0.88
No 17,098 99.33 7292 99.12 0.078
Vascular
Yes 53 0.31 19 0.26
No 17,161 99.69 7338 99.74 0.606
Bowel
Yes 11 0.06 14 0.19
No 17,203 99.94 7343 99.81 0.007
Bladder
Yes 16 0.09 13 0.18
No 17,198 99.91 7344 99.82 0.103
Nerve
Yes 1 0.01 0 0.00
No 17,213 99.99 7357 100.0 1.000
Postoperative complications
Overall
Yes 468 2.72 338 4.59
No 16,746 97.28 7019 95.41 \0.001
Bleeding
Yes 121 0.70 110 1.50
No 17,093 99.30 7247 98.50 \0.001
Bowel injury/anastomotic leakage
Yes 6 0.03 3 0.04
No 17,208 99.97 7354 99.96 0.733
SSI
Yes 19 0.11 4 0.05
No 17,195 99.89 7353 99.95 0.255
Seroma
Yes 319 1.85 224 3.04
No 16,895 98.15 7133 96.96 \0.001
Mesh infection
Yes 10 0.06 1 0.01
No 17,204 99.94 7356 99.99 0.191
Ileus
Yes 13 0.08 8 0.11
No 17,201 99.92 7349 99.89 0.475
Table 5 continued
B65 years [65 years p
n % n %
Reoperation
Yes 184 1.07 101 1.37
No 17,030 98.93 7256 98.63 0.044
General complications
Overall
Yes 147 0.85 146 1.98
No 17,067 99.15 7211 98.02 \0.001
Urinary tract infection
Yes 14 0.08 7 0.10
No 17,200 99.92 7350 99.90 0.812
Thrombosis
Yes 4 0.02 3 0.04
No 17,210 99.98 7354 99.96 0.434
Pulmonary embolism (PAE)
Yes 2 0.01 3 0.04
No 17,212 99.99 7354 99.96 0.162
Pneumonia
Yes 3 0.02 9 0.12
No 17,211 99.98 7348 99.88 0.002
COPD
Yes 8 0.05 9 0.12
No 17,206 99.95 7348 99.88 0.059
Myocardial infarction
Yes 3 0.02 11 0.15
No 17211 99.98 7346 99.85 \0.001
Renal failure
Yes 2 0.01 11 0.15
No 17212 99.99 7346 99.85 \0.001
Death
Yes 1 0.01 4 0.05
No 17213 99.99 7353 99.95 0.031
300 Surg Endosc (2016) 30:296–306
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B65 years age group (p\ 0.001; OR 0.718 [0.612; 0.841]).
Low ASA classifications (p = 0.037; II vs I: OR 1.161
[0.976; 1.381]; III vs I: OR 1.362 [1.071; 1.732]; IV vs I: OR
2.559 [0.891; 7.346]) and a unilateral operation (p = 0.041;
OR 1.173 [1.007; 1.366]) also significantly reduced occur-
rence of a postoperative complication.
With a prevalence of 3.28 %, that corresponds to 28
postoperative complications for every 1,000 patients from
the B65 years age group compared with 38 complications
for the[65 years age group.
The results of analysis of the reoperation rate are given in
Table 7 (model fit: p\ 0.001). The reoperation rate was in-
fluenced primarily by bilaterality of the inguinal hernia op-
eration (p\ 0.001). Conduct of a bilateral surgical procedure
led to significantly more reoperations (OR 2.154 [1.669;
2.730]). Likewise, high ASA classifications resulted sig-
nificantly more often in reoperation (p = 0.004; II vs I: OR
1.058 [0.799; 1.401]; III vs I:OR1.581; [1.074; 2.327]; IVvs I:
OR6.001 [1.786;20.167]). The riskof reoperation also rose for
scrotal inguinal hernias (p = 0.033; OR 1.807 [1.049; 3.111]).
The same applied for a large hernia defect (p = 0.043: II vs I:
OR 1.208 [0.819; 1.780]; III vs I: OR 1.614 [1.051; 2.478]).
Conversely—and contrary to the findings of unadjusted
analysis—the reoperation rate did not differ significantly
between the two age groups investigated.
Table 8 gives the results of multivariable analysis of the
influences impacting general complications (model fit:
p\ 0.001). The general complications were influenced
primarily by ASA status (p\ 0.001). In particular, ASA
classification IV increased the complication risk (IV vs I:
OR 6.355 [1.892; 21.345]). Onset of general complications
was likewise significantly more common in the[65 years
age group than in the B65 years age group (p\ 0.001; OR
0.615 [0.473; 0.800]). The use of the TAPP operation
method also favored onset of general complications
(p = 0.005). The corresponding risk rose for a TAPP op-
eration with an odds ratio of OR 1.432 [1.114; 1.841].
For an overall general complication rate of 1.19 %, that
corresponds to occurrence of a complication in around 10
out of every 1000 patients undergoing surgery from the
B65 years age group compared with 14 out of every 1000
patients for the[65 years age group.
Model fit of the duration of operation was also highly sig-
nificant (p\0.001). The highly significant impact of the age
groups on the duration of operation, which was demonstrated
inunadjusted analysis, couldonlybeconfirmedas a trend in the
multivariablemodel (Table 9). In reality, a large hernia defect,
the presence of a scrotal hernia, surgery for a male patient, the
use of TAPP and bilateral operation (in each case p\0.001)
led to significant increase in the duration of operation.
Table 6 Multivariable analysis
of postoperative complications
Parameter p value Variables OR 95 % CI
Operation technique \0.001 TAPP vs TEP 2.461 2.066 2.931
Scrotal hernia (EHS) \0.001 Yes vs No 2.738 2.078 3.609
Defect size (EHS) \0.001 II (1.5–3 cm) vs I (\1.5 cm) 1.677 1.285 2.187
III ([3 cm) vs I (\1.5 cm) 2.471 1.855 3.292
Age \0.001 B65 vs[65 years 0.718 0.612 0.841
ASA score 0.037 II vs I 1.161 0.976 1.381
III vs I 1.362 1.071 1.732
IV vs I 2.559 0.891 7.346
Bilateral/unilateral 0.041 Bilateral vs unilateral 1.173 1.007 1.366
Sex 0.304 Male vs female 0.884 0.699 1.118
Table 7 Multivariable analysis
of reoperation
Parameter p value Variables OR 95 % CI
Bilateral/unilateral \0.001 Bilateral vs unilateral 2.154 1.699 2.730
ASA score 0.004 II vs I 1.058 0.799 1.401
III vs I 1.581 1.074 2.327
IV vs I 6.001 1.786 20.167
Scrotal hernia (EHS) 0.033 Yes vs No 1.807 1.049 3.111
Defect size (EHS) 0.043 II (1.5–3 cm) vs I (\1.5 cm) 1.208 0.819 1.780
III ([3 cm) vs I (\1.5 cm) 1.614 1.051 2.478
Operation technique 0.463 TAPP vs TEP 1.096 0.858 1.399
Age 0.695 B65 vs[65 years 0.947 0.721 1.244
Sex 0.918 Male vs female 0.979 0.650 1.474
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Table 10 shows the results of multivariable analysis of the
factors influencing the postoperative length of hospital stay
(model fit: p\ 0.001). The postoperative length of hospital
stay was significantly increased in the[65 years age group
also, when concurrently looking at the other influencing
variables (p\ 0.001). All other influencing variables also had
a significant impact on the length of stay. The length of hos-
pital stay was increased in each case by the use of the TAPP
operation method, bilaterality of operation as well as by a
scrotal hernia. Besides, the postoperative stay was sig-
nificantly longer for women than for men.
On the basis of the LOESS graphs, it can be seen that the
proportion of higher ASA classifications and of risk factors
rise almost linearly with increasing age (Fig. 1). The
postoperative complications increase as from age 80 years
(Fig. 1).
Table 8 Multivariable analysis
of general complications
Parameter p value Variables OR 95 % CI
ASA score \0.001 II vs I 1.171 0.855 1.604
III vs I 3.419 2.381 4.911
IV vs I 6.355 1.892 21.345
Age \0.001 B65 years vs[65 years 0.615 0.473 0.800
Operation technique 0.005 TAPP vs TEP 1.432 1.114 1.841
Bilateral/unilateral 0.225 Bilateral vs unilateral 1.169 0.909 1.504
Defect size (EHS) 0.588 II (1.5–3 cm) vs I (\1.5 cm) 0.842 0.595 1.190
III ([3 cm) vs I (\1.5 cm) 0.906 0.608 1.352
Scrotal hernia (EHS) 0.665 Yes vs No 1.148 0.614 2.146
Sex 0.999 Male vs female 1.000 0.693 1.443
Table 9 Multivariable analysis
of duration of operation
Parameter p value Variables Beta 95 % CI
Intercept \0.001 3.717 3.603 3.831
Bilateral \0.001 Bilateral 0.313 0.301 0.324
Operation technique \0.001 TAPP 0.089 0.078 0.099
Defect size (EHS) \0.001 I (\1.5 cm) -0.113 -0.131 -0.096
Defect size (EHS) \0.001 II (1.5–3 cm) -0.097 -0.110 -0.084
Scrotal hernia (EHS) \0.001 Yes 0.182 0.149 0.216
Sex \0.001 Male 0.046 0.029 0.062
ASA score I 0.115 0.002 0.229
ASA score II 0.124 0.011 0.237
ASA score 0.024 III 0.108 -0.006 0.222
Age 0.072 B65 Jahre -0.011 -0.023 0.001
Table 10 Multivariable
analysis of hospital stay
Parameter p value Variables Beta 95 % CI
Intercept \0.001 1.107 0.967 1.246
ASA score \0.001 I -0.571 -0.709 -0.432
ASA score \0.001 II -0.524 -0.662 -0.386
ASA score \0.001 III -0.365 -0.504 -0.226
Bilateral \0.001 Bilateral 0.111 0.097 0.125
Sex \0.001 Male -0.124 -0.145 -0.104
Scrotal hernia (EHS) \0.001 YES 0.203 0.163 0.243
Age \0.001 B65 years -0.056 -0.071 -0.041
Defect size (EHS) \0.001 I (\1.5 cm) 0.014 -0.008 0.035
Defect size (EHS) \0.001 II (1.5–3 cm) 0.039 0.023 0.055
Operation technique 0.020 TAPP 0.015 0.002 0.028
302 Surg Endosc (2016) 30:296–306
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Discussion
The registry study presented here investigated the influence
of patient age [65 years on the perioperative outcome
compared with that of patient age B65 years. In addition,
other factors impacting onset of perioperative complica-
tions were identified and their relative influence on the
results determined.
The patients in the two age groups differed sig-
nificantly from each other with regard to the majority of
the variables analyzed. For example, in the [65 years
age group, the proportion of women, higher ASA clas-
sifications, larger hernia defects, emergency operations,
risk factors and previous operations were significantly
greater.
Unadjusted analyses revealed that patients in[65 years
age group had significantly higher intraoperative, postop-
erative and general complication rates as well as a higher
reoperation rate linked to these complications. In multi-
variable analysis, it was not possible to find any evidence
that individual variables influenced onset of intraoperative
complications. As regards the postoperative complications,
multivariable analysis showed the risk identified for the
B65 years age group was significantly lower. Likewise,
there were significantly fewer postoperative complications
when using TEP, for smaller hernia defects, unilateral op-
eration and a lower ASA classification. Conversely, scrotal
EHS classification had an unfavorable influence on occur-
rence of postoperative complications. However, as in the
TAPP group, the percentage of patients with scrotal hernias
or with larger hernia defects is significantly higher compared
with TEP both minimal invasive techniques are hardly
comparable and conclusions should be drawn with caution.
On the other hand, the reoperation rate did not differ
significantly between the two age groups in multivariable
analysis. The probability of reoperation was increased by
bilateral operations, a higher ASA classification, larger
hernia defects as well as by a scrotal hernia, but not by the
operation technique.
General complications were also seen in multivariable
analysis significantly more often in the [65 years age
group than in the younger patients. The TAPP operation
method and a higher ASA classification are other unfa-
vorable influence factors.
The postoperative length of hospital stay was sig-
nificantly increased in the[65 years age group, also when
concurrently looking at the other influencing variables.
The higher rate of postoperative surgical and general
complications in patients in the [65 years age group
compared with in the B65 years age group thus concords
with the findings of the Swedish Hernia Registry [13],
Danish Hernia Registry [14] and of the National Surgical
Quality Improvement Program of the American College of
Surgeons [15]. However, the data presented here in this
study additionally show that the age-related rise in post-
operative surgical complications did not lead to an in-
creased complication-related reoperation rate. Rather, it
was more a bilateral operation, higher ASA classification,
larger hernia defect and scrotal hernia which resulted in
postoperative complications necessitating reoperation.
These were also the influencing variables, in addition to
TAPP, which apart from age [65 years gave rise to
Fig. 1 Non-metric regression
analysis (LOESS) of age for
post-op. complication,
cumulative risk factors and
ASA score
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increased postoperative surgical complications, which
could be treated conservatively. Accordingly, the higher
perioperative complication rate associated with endoscop-
ic/laparoscopic inguinal hernia surgery in patients
[65 years compared with those B65 years is of multifac-
torial genesis. The same applies for the general postop-
erative complications, which in the[65 years age group
were further negatively influenced by conduct of TAPP
operation and the presence of a higher ASA classification.
That, too, demonstrates the multifactorial influence exerted
on the postoperative outcome of patients in the[65 years
age group.
The age limit of 65 years is used as a rule for analysis of
the influence of age on the postoperative outcome follow-
ing surgical procedures because of the fact that this is the
retirement age in many countries [13]. However, our own
analyses based on LOESS graphs show that age 80 years
tends to be the time point from which a marked rise is seen
in postoperative complications.
In summary, it can be stated that the increase in peri-
operative complication and reoperation rates associated
with laparoscopic/endoscopic inguinal hernia surgery is not
only influenced by higher age but mainly by other factors.
These include, in particular, bilateral operation, large her-
nia defect or scrotal hernia and a higher ASA classification
and a multitude of risk factors. It can also be demonstrated
that it is only as from age 80 years that a relevant rise in
postoperative complication rates can be identified. As such,
age[65 years in itself does not constitute a risk factor for
conduct of laparoscopic/endoscopic inguinal hernia repair.
If this is indicated, the focus should be more on the factors
identified by the presented study and which have a sig-
nificant influence on the outcome. In patients over the age
of 80, laparoscopic hernia repair is possible, but preop-
erative analysis of risk factors and their correction if pos-
sible should be mandatory [25]. Moreover, careful
intraoperative monitoring by the anesthesiologist is essen-
tial and the possibility to stay for some hours in an ICU
should be provided.
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